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Background: Acne vulgaris is a skin problem affecting many people of different ages.
Phototherapy is one of the acne treatment options. The aim of the study was to assess the
effect of near-infrared low-level laser therapy on acne lesions.

Materials and Methods: The prospective study involved a total number of 27 women,
aged 18 to 45 years, with mild to severe acne. All the participants underwent a series of six
treatments with the use of a 785 nm low-level laser with the power density 80mW/cm?,
performed every two weeks. The analysis of the effectiveness of the performed procedures
was based on sebumetric examination, photographic documentation and assessment of the
change in the number of acne lesions.

Results: Significant improvements in acne lesions (assessed as non-inflammatory and
inflammatory lesion counts) and a significant decrease in skin sebum excretion were
observed after the treatment. No adverse effects were reported.

Conclusion: A series of six treatments using a near-infrared low-level laser represents a safe
and effective non-invasive therapy option for acne vulgaris.
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Introduction

The research conducted in 2010 for the Global Burden of Disease Study shows that
acne vulgaris is the eighth most commonly diagnosed skin disease. Considering all
age groups, it affects almost 10% of the world’s population.' More and more often,
acne eruptions persist up to the fifth decade of life as the so-called “adult acne”. >

Acne eruptions, their causes, severity, location and impact on mental health of
patients are a serious therapeutic problem. Acne vulgaris treatment usually includes
systemic or topical therapies and possibly supportive measures. The latter include,
for example, light therapy.* Light therapy offers many options that support the
treatment of acne vulgaris. There are high- and low-power lasers, intense pulsed
light or LED lamps.™® In our study, we assessed the effectiveness of treatments
using a laser representing a group of low-energy devices.

LLLT (Low-Level Laser Therapy) involves the use of devices emitting radia-
tion with a maximum power of 500 mW. Considering that the first Food and Drug
Administration (FDA) authorization for the use of LLLT in dermatological
therapy, specifically in the treatment of ulcers, was only issued in 2002, it may
be concluded that this type of treatment is still a developing branch of
phototherapy.” The photon beam produced during the procedure is absorbed by
tissues and transformed into mitochondria with intracellular energy. This
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phenomenon is called photobiomodulation (PBM). The
action of light induces an enhancement of cell signaling
and the synthesis of growth factors, and reduces oxida-
tive stress.® As a result, this type of therapy stimulates
physiological regenerative processes in irradiated struc-
tures, and has anti-inflammatory and antibacterial effects.
The last two are the basis for the use of LLLT/PBM in
acne-reducing treatments.” Particular attention should
also be paid to the action of porphyrins produced within
the hair-sebaceous unit by anaerobic Cutibacterium
acnes. Porphyrins, as photoactive compounds, can be
excited by light, leading to the production of reactive
oxygen species, which in turn is highly toxic to the
bacteria described.'”

The aim of the study was to determine whether the
treatment method would improve the skin condition of
patients with acne vulgaris, in terms of reduction of acne
lesions and decrease in the amount of sebum produced.
The phototherapy used in our research was not associated
with any other form of treatment, whether systemic or
topical. However, it is possible to use low-power photo-
therapy in combination with appropriately selected phar-
macological supportive treatment.

The use of a low-level laser in our study was dictated
by a search for alternative methods of treating acne vul-
garis, with potentially fewer side effects as compared to
other therapeutic options, such as antibiotics, oral or topi-
cal retinoids. Moreover, an additional factor prompting the
analysis of the effectiveness of the low-level laser in the
treatment of acne lesions was the relatively small number
of studies with a similar profile published so far.

Materials and Methods
For the study, we recruited women with mild to severe
to the IGA (Investigator’s Global

Assessment) scale, where the severity of acne and the
113

acne according

type of lesions assigned to it are presented in Table

All persons signed their informed consent to participate
in the research procedure and to publish the data. The
study was positively recommended by the bioethics com-
mittee. All experimental protocols were approved by the
Medical University of Lodz Bioethics Committee. The
study complies with the Declaration of Helsinki.

All the participants underwent a series of six treat-
ments, performed every two weeks. The analysis of the
effectiveness of the performed procedures was based on
sebumetric examination, photographic documentation and
assessment of the change in the number of acne eruptions,

Table | Investigator’s Global Assessment Scale of Acne

Severity' '3

Acne Severity Type of Lesions

Scale

0 Clear skin No inflammatory and non-inflammatory

lesions

| The skin is almost | Few comedones and < | small inflammatory

unchanged lesion

2 Mild severity A dozen comedones, < several inflammatory

lesions

3 Moderate severity | Many comedones, > several inflammatory

lesions, < | nodule

4 Severe severity Many comedones and inflammatory lesions, <

several nodules and cysts

such as comedones, papules, pustules and post-
inflammatory hyperpigmentation.

Before commencement of the tests, sebumetric mea-
surements were performed on each female probe.
Sebumeter (Courage + Khazaka electronic GmbH,
Germany) is a device used to assess the degree of skin
greasiness and the activity of sebaceous glands. For the
measurement, a special head was applied to the skin for 30
seconds with a tape, which absorbs sebum. The measure-
ment was repeated after the third and sixth treatments.

Photos, included in the photographic documentation,
were taken before the procedure and two weeks after the
end of the whole therapy.

The evaluation of the effectiveness of the therapy in
terms of the number of lesions was carried out after the
sixth treatment using a low-level laser as compared to the
evaluation made on the first visit.

Each treatment involved irradiation of the skin affected
by acne lesions with a low-level laser (Vitalaser™,
Vitalaser Hannover GmbH). The radiation exposure time
was 10 minutes. During the procedure, a device with
a power of 360 mW emits infrared radiation with
a wavelength of 785 nm and a power density of 80 mW/
cm?. According to the protocol requirements, 27 indivi-
duals completed the observation.

All methods were carried out in accordance with rele-
vant guidelines and regulations.

The sebumetric measurement of the forehead and the
right cheek, depending on the time of measurement, was

compared by an analysis of variance for repeated
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measurements. Fisher’s test was used as a post-hoc test,
and a linear trend test was also carried out.

The number of lesions and IGA scales, depending on
the measurement date, were compared by the t-student test
for dependent variables.

Relationships between the forehead and right cheek
sebumetric measurements, and the number of lesions and
IGA were analyzed by estimating Pearson’s linear correla-
tion coefficients.

Test probability at p <0.05 was considered significant, and
test probability at p < 0.01 was considered highly significant.

Results
The study involved a total number of 27 women, aged 18
to 45 years.

A series of six treatments using a low-level laser ulti-
mately resulted in a statistically significant reduction in the
secreted sebum. Considering the values recorded on the
forehead, the highest average of the results of 179.1 was

obtained before the beginning of the study, after three treat-
ments, there was no significant (p > 0.05) decrease to the
value of 174.5, whereas a high (p < 0.01) decrease was
observed in the period between the third and sixth treatment.
An average of 154.2 results was obtained at the end of the
treatment. Similarly, on the right cheek, the highest value of
160.1 was found before the test. In this area, a highly sig-
nificant (p < 0.01) decrease in the amount of sebum pro-
duced was obtained after three treatments and between the
third and sixth laser exposure. The average results recorded
then were 140 and 121.1, respectively (Figure 1).

In the case of a series of six treatments involving
irradiation by low-level laser, statistically significant (p <
0.01) differences were also observed for the number of
Both
decreased between the period before the beginning of the

acne eruptions and the IGA scale. indicators
study and after six treatments. The average number of non-
inflammatory lesions in the form of blackheads before the
study was 23 (SD = 8093), while after the treatment series
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Figure | (A) Forehead sebumetric measurement. (B) Sebumetric measurement on the right cheek. (C) Number of lesions. (D) IGA scale.
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Figure 2 Patient no. |, a 19-year-old woman, before commencement of the study and two weeks after completion of the series of six treatments using a low level laser.

only 10 (SD = 6087). Taking into account inflammatory
acne eruptions, the average amount calculated before the
start of treatments was 12 (SD = 5483) and 9 (SD = 5078)
for pustules and papules, respectively. These values
decreased on average to 4 in the case of both pustular
(SD = 2977) and papular (SD = 3067) lesions (Figures 2
and 3).

Prior to the study, significant (p <0.05, r=0.4183; 0.4598)
positive correlations were found between all measurable
right-cheek values. It follows that the high sebumetric results

were associated with a significant amount of acne eruptions
and higher IGA scale values. For measurements made on the
forehead, those correlations were lower and not significant (p
> 0.05, r=0.2898; 0.2668).

After a series of six treatments, all previous correla-
tions became smaller and insignificant (p > 0.05),
r=0.2356; 0.1867; —0.0347). An important (p < 0.05, r =
0.3832) remained only the correlation between the amount
of acne eruptions and the result from the measurement of
the level of sebum secreted on the forehead.

Figure 3 Patient no. 2, a |9-year-old woman, before commencement of the study and two weeks after completion of the series of six treatments using a low level laser.
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Discussion

The ethiopathogenesis of acne is multifactorial. The con-
tributing factors are increased sebum production, abnormal
follicular keratinization, cutibacterium acnes overgrowth
within the hair follicles, and inflammatory mediator
release. A successful treatment should focus on several
causative agents.

In the study, the procedures were performed with
a low-level laser emitting near-infrared radiation, with
a wavelength of 785 nm. As a result of a series of treat-
ments, a highly significant (p < 0.01) change in the values
determining the total number of acne eruptions and the
severity of the disease according to the IGA scale were
obtained.

The antibacterial effect was proved for light treatments,
especially those based on blue light application.'® That is
an approach to limit systemic antibiotic use in acne since
administration of this group of medications may be asso-
ciated with a variety of adverse outcomes including bac-
terial resistance and disruption of the microbiome. One of
the mechanisms through which phototherapy affects acne
is the absorption of light by porphyrins, which are pro-
duced by Cutibacterium acnes as a part of normal meta-
bolism and which act as specific endogenous
photosensitizers. This process triggers a photochemical
reaction. Reactive free radicals and forms of singlet oxy-
gen are produced, which in turn leads to the destruction of
bacteria.'*'> The effect was also observed in strains resis-
tant to antibiotic substances, such as clindamycin, tetracy-
cline or erythromycin. This gives new, distinct therapeutic
possibilities for patients in whom antibiotic therapy does
not bring the expected results.'®

Previous studies have also shown a positive interaction
between light, specifically the wavelength corresponding
to red radiation, and the release of anti-inflammatory cyto-
kines, which is one of the mechanisms in the pathogenesis
of acne.'” Colonization and proliferation of Cutibacterium
acnes have been proven to be crucial for the development
of inflammation.'® The peptide cell wall of Cutibacterium
acnes initiates the release of cytokines such as IL-a, IL-1f,
IL-8 and TNF-a from monocytes, which causes the devel-
opment of an inflammatory response in the skin.'**° It is
worth mentioning here that compared to blue light, the red
spectrum is characterized by deeper penetration into the

irradiated tissues,21

and in our study, near-infrared was
used which is known to have ever deeper penetration.

Research on the use of low-energy LED radiation from

the field of red light, conducted by Li et al demonstrated
anti-inflammatory effect of the method used, by lowering
the level of interleukin IL-0.> It follows that therapy with
low levels of red LED light can provide beneficial anti-
inflammatory effects, which allows its use in anti-acne
treatments.”> >> Similar effects were also obtained in stu-
dies using blue light. Tests performed on cell cultures
showed a reduction in the production of pro-
inflammatory interleukin-loo and ICAM-1 (intercellular
adhesion molecule).?!

It has also been proven that phototherapy can signifi-
cantly affect the activity of sebaceous glands and reduce
the keratosis of the hair follicles outlets.***” Li et al*?
conducted a study on the biological effect of red LED
radiation in acne, using an in vitro model and obtained
normalization of keratinization within the sebaceous
glands.?? In turn, Jung et al*® used light-emitting diodes
(LEDs) emitting both blue (415nm) and red (630nm) light
to verify their effect on lipid production in human sebac-
eous cells in vitro. They showed that blue light inhibits
their proliferation and red radiation reduces lipid produc-
tion, which is one of the acne pathogenetic factor.”®

The data for infrared acne therapy are sparse. A clinical
trial of infrared 1320-nm Nd:YAG laser therapy was car-
ried out by Orringer et al.?’ It was a split-face study, and
there was no significant difference between the two sides
in terms of inflammatory lesions count after the treat-
ments, however, the authors described the effectiveness
of the therapy in reducing non-inflammatory lesions. In
our study, the near-infrared low level laser was used, and
the reduction was seen not only in non-inflammatory
lesions but also in inflammatory ones. The average number
of non-inflammatory lesions in the form of blackheads
before the study was 23, while after the treatment series
only 10. Taking into account inflammatory acne eruptions,
the average amount calculated before the start of treat-
ments was 12 and 9 for pustules and papules, respectively.
These values decreased on average to 4 in the case of both
pustular and papular lesions. In our study, the used 785 nm
is close to red light; hence, the effect may be more similar
to red light, where the anti-inflammatory effect was
observed.!” Paithankar et al** used a 1450 nm laser to
depth of the
a statistically significant decrease in acne lesions was

reach the sebaceous glands and
reported.

Aziz-Jalali et al®' conducted a study comparing the
effects of low-level laser therapy, including a device emit-

ting a beam of red (630nm) and infrared (890nm) light.
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As a result of the performed procedure, a significant
reduction in the number of acne lesions was observed
on the side exposed to radiation with a wavelength of
630 nm, and a statistically insignificant improvement (p >
0.05) after irradiation with 890 nm beam. The discre-
pancy between the results obtained by Aziz-Jalali and
those recorded in our study may be explained by
a different wavelength of laser that we applied, as well
as the number and frequency of procedures performed.
Aziz-Jalali et al carried out a series of 12 treatments
performed twice a week. In turn, our study covered only
6 procedures; however, they were repeated every 14 days,
what is more comfortable for patients. In addition, no
other form of therapy was implemented in the patients’
own study. In turn, in the Aziz-Jalali study, all the patients
were treated topically with 2% clindamycin on both sides
of the face.’’

Research on the effectiveness of low-energy radiation
was also conducted using a combination of blue LED
(415nm) and near-infrared (830nm) light. Sadick™® per-
formed a series of eight treatments twice a week.
Nevertheless, this type of acne combination therapy has
less satisfactory end effects than using a combination of
blue and red light; however, the limitation of the study is
small number of participants who completed it, which is
11. The described the
inflammatory lesions,** which was also reflected by our

author reduction of non-
results. In our study, a reduction in all types of acne
lesions and a reduction in sebaceous gland activity
(assessed by sebum measurement) were observed. In
turn, in the blue and red LED therapy, the authors received
a better therapeutic effect within inflammatory than non-
inflammatory lesions.'>3?

Apart from the lack of any form of procedure other
than LLLT, an additional advantage of the therapy used in
our study is undoubtedly the lack of side effects accom-
panying the irradiation. There are many reports confirming
that the IPL procedure is accompanied by pain and burn-
ing, as well as significant postoperative redness of the
skin.**** In our study, as it has already been emphasized,
no such side effects were found.

It also seems very important that all the above-
mentioned studies, including LED, IPL or LLLT, were
based on counting acne lesions and assessing the final
effect based on photographic documentation.'*'*3¢ In
our study, due to sebumetric measurement, the effect of the
performed procedures on the activity of sebaceous glands
was also analyzed. Thus, it was proved that a series of six

treatments using a low level near-infrared laser, apart from
reducing all types of acne lesions, finally resulted in
a statistically significant reduction in the amount of
sebum secreted, which confirms the conclusions drawn
earlier based on the research conducted by Jung et al
in vitro study.”®

The limitations of the study were the number of parti-
cipants and the time of observation. Taking into considera-
tion more participants maybe, we would be able to see side
effects. Also, only women took part in our research.
Because of acne recurrence, the time of observation is
planned to be extended.

Conclusions

To sum up, a series of six treatments using a low-level
laser for non-pharmacological reduction of acne lesions
ultimately give satisfactory final results. It strongly
encourages further research in the field of low-level laser
therapy as it seems to be a good alternative to limit
systemic antibiotic use in acne.
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